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Introduction
Two-dimensional (2D) direction of arrival (DOA) estimation with array sensors is essential for source localization in audio surveillance, auditory scene analysis, hearing aids etc. The most well-known classical DOA estimation methods include Capon's method [1] , MUSIC [2] , ESPRIT [3] , etc. The four-element Acoustic Vector Sensor (AVS) first presented in [4] for DOA estimation is an acoustic sensor that is capable of measuring acoustic pressure gradient as well as pressure as in a standard microphone. This combination makes it possible for the sensor to measure the complete sound field. Recently, along with the development of AVS technique, the Direction of Arrival (DOA) estimation based on AVS has been researched widely and deeply [5] [6] [7] [8] .
By introducing Compressed Sensing (CS) [9] into DOA estimation field, we can obtain better performance than traditional angle estimation methods using the prior sparse information of target scene. In 2011, Fu applied CS to the DOA estimation of AVS [10] , the echo signal received by an uniform linear array (ULA) is used for recovering target angle through OMP algorithm. But limited by the inherent error probability, OMP is not stable under noisy environment. Liang proposed an acoustic vector sensor array space time filtering approach for azimuth estimation with 1 l -norm optimization [11] and obtains superior resolution and accuracy to the conventional methods. However, the huge computational complexity of 1 l -norm optimization restricts potential application.
Aiming at these problems, 2D DOA estimation for AVS based on GBCD algorithm is studied in this paper. In section 2, the acoustic vector sensor array signal model is introduced. Simulations are given in section 3 and summary in section 4.
Signal Model
Acoustic Vector Sensor Array Signal Model. An acoustic vector sensor consists of an acoustic pressure channel and three orthogonally oriented acoustic velocity channels, respectively receive the acoustic pressure P and three components 
where s U is the signal subspace matrix and N U is the noise subspace matrix. s U consists of the eigenvectors correspond to the former K large eigenvalues and N U consists of the eigenvectors correspond to the rest L-K small eigenvalues. Let (5) with (3), we know that the dimension of echo signal is reduced from
. In practice, L K << , so the calculation of (5) 
; β is chosen to be Φ is any i-th column of Φ .
We can update the )
In order to maintain sparisity during the major iterations, we propose a greedy block selection rule which leads to a greedy block coordinate descent (GBCD) algorithm. Instead if sweeping through all the blocks in parallel, we only update the block that yields the greatest descent distance, namely
is the descent distance for the i-th block. The greedy block selection rule gives preference to sparsity and has faster convergence. Moreover, it guarantees global convergence.
Based on the MUSIC prior, we choose the weight parameters
n U is noise subspace of the covariance matrix for received signal. Exploiting the orthogonality between the noise subspace and the array steering vectors, we can improve the accuracy of the GBCD algorithm without changing its global convergence.
SIMULATION
In this section, we present simulation results illustrating the effectiveness of 2D-GBCD algorithm and 2D-weighted GBCD algorithm for acoustic vector sensor array. We will compare the DOA estimation performance of the proposed two algorithms with L1-SVD for acoustic vector sensor array, such as resolution analysis and error analysis. A 5-element ULA is used with the inter-element spacing being half of a wavelength. The snapshot is 150 and the SNR=0dB. It is assumed that the sources are corrupter by temporally and spatially uncorrelated white Gaussian noise, which is measured with signal-to-noise ratio (SNR versus SNR Through the above experiments, it shows that, we can achieve 2-D DOA estimation for acoustic vector sensor array based on spatial sparse sampling. For the figure 1 and figure 2 , it is easy to know, the weighted GBCD algorithm for AVS have a better resolution than GBCD algorithm. For the figure 4, we know that W-GBCD algorithm has higher angle resolution than other two algorithms in all SNR and number of snapshots.
Summary
2D-DOA estimation approach of acoustic vector sensor array based on spatial sparse sampling is proposed. The joint sparse model along with singular value decomposition is utilized to enhance the adaptability to noisy situation and reduce dimension. Finally the high resolution DOA estimation is given by GBCD and weighted GBCD algorithms. Simulation results show that weighted GBCD algorithm has better angle resolution than other approaches in all SNR. The combination of Compressed Sensing and acoustic vector sensor shows great superiority, but how to speed up the recovery algorithms and reduce the sparsity constraints by AVS is worth further researching.
